Background: Sphenostylis stenocarpa is an underexploited African indigenous food crop that is enriched in nutritional quality.
INTRODUCTION
The relevance of indigenous legume in securing food for the undernourished and low-income African countries is gaining prominence especially when such crops are in the list of low-cost energy-protein source [1] [2] [3] . S. stenocarpa is one of the rich energy-protein underutilized traditional legumes. This crop is traditionally grown in a humid environment with natural irrigation.
In recent years, the total acreage of S. stenocarpa production is constantly declining [4] , due to lack of acceptance and *Address correspondence to this author at the Department of Economics, College of Business and Social Sciences Landmark University, Omu-Aran, Nigeria; Tel:+234 (0) 8186977455; E-mail: asaleye.abiola@lmu.edu.ng, asaleyebiola@yahoo.com restriction to production areas, as compared to other grain legumes. This limited yield has been ascribed to yield instability characterized by high inter-annual yield variation [5, 6] . This, therefore, emphasizes the need for developing a high yield stable genotypes to survive the challenges of meteorological factor fluctuations.
Cultivation under wider environments is expected to further increase yield as well as encourage acceptance even as a source of cheap protein. Detecting yield stability at various years' variation patterns is important in defining the breeding goal for valued nutrient indigenous legumes. Yield contributory factors will be considered. These factors which are edaphic (soil, moisture, temperature, drought, among others) and/or biotic (microorganisms, nitrogen fixers, among others) do have consequences upon gain or loss in yield. Some researchers identified the effect of Edaphic and non-Edaphic factors on the yield of Bambara groundnut [7] [8] [9] . Intentional breeding effort to develop high yielding and nutrient enhanced varieties of S. stenocarpa across wider ecological regions will not only make the crop popular but also increase the acceptability especially in areas where the weather environments are unstable [10, 11] .
The fact, that the performance of S. stenocarpa is strongly influenced by environmental variations at the very least stage indicates that yearly weather variation is a barrier for improving yield potential [11] . Yearly effects of multienvironment trials are mostly used typically in plant breeding programs to evaluate the genetic materials over a range of years in a target environment [12, 13] . However, when comparing these genetic materials, their interaction with the environment can be complex in nature [14] due to differential responses across the environment. This is considered an important source of year-to-year variation in trait performance [15] . Now, the understanding of year-to-year variability effects of weather elements on landrace stability is made possible by employing statistical tools that directly test for the presence of landrace x year(s) (L x Y) and also measure individual landrace trait performance [16] . On this note, it is imperative to identify the traits with a contributory role in producing high nutrient seeds and tuber yield qualities across the year.
According to [10] , the most valuable economic traits in S. stenocarpa are the seed, tuber and nodule (in some landraces). Yield as a trait is a function of other trait components during growth and development phases [14] . In this study, the emphasis is on S. stenocarpa agro-nutritional yield. The yield accumulations occur through pathways in food nutrient translocations from different sources during photosynthesis [17] . Either significant or otherwise, yield improvement strategy must identify the contributory role of other trait components to yield improvement. Some vegetative (crop shoot parts supporting branching, height, flowering and maturity date) traits play a significant role in trapping sunlight under a range of temperature and humidity before photosynthetic accumulations [18] . Crop rooting parts such as podding and seed traits are affected by soil temperature, nutrient availability and some other biotic and abiotic factors [19] . It is important, therefore, to use statistical tools that will calculate and outline yield and yield component indices leading to intentional trait selection for yield improvement.
A number of outstanding reviews of statistical selection parameters that test and measure S. stenocarpa genotypes' response to the varied growing environment have been published. Few among others included the studies by; [14] that investigated the impact of climate change on Sphenostylis stenocarpa in relation to sustainability and conservation. More so, [20] reviews the nexus among genetic resources, diversity and agronomy of African yam bean. Consequently, phenotypic, genotypic and environmental trait correlations with yield are also examined in the literature [21, 22] . It was documented by the scholars that there are significant variations of about 0.05 percent, and 0.01 percent is used to provide information on genotype performance across sources of variations in the literature. [17] considered significant variations of seed weight, plant biomass and pod filling time in Vigna subterranean, respectively. In addition, the outlined selection statistics were used to identify the contributory roles of traits to yield. Likewise, it is important to classify to ensure effective hybridization. The principal component (PC) and cluster (CL) analyses are veritable tools in this direction. Researchers have also explored these tools in identifying divergent cultivar groups for meaningful hybridization studies. [13] on okro; [23] and [24] on Bambara groundnut; [21] on Chenopodium species.
In studies using S. stenocarpa, several reports on seed genetic variability, path coefficients, correlations, morphoseed metrics have been archived by the research efforts of [20, [25] [26] [27] [28] . These reports are experimental, using genotypes with a limited genetic origin, planting environments as well as placing no emphasis on agro-nutritional trait selection. [4] noted that the lack of improved S. stenocarpa landraces restricted African farmers to rely on the existing landraces for production. This establishes the need to place emphasis on identifying desirable genotypes of S. stenocarpa that can be explored through hybridization to improve yield nutritional value as well as enhance yield. Testing genotypes from the origin across a wide environment will help to validate the selections for high and stable quality nutritional yield across growing environments. This information is not available when this research was carried out. Therefore, informed the niche of this study. Likewise, most African countries are regarded as low-income countries when high unemployment rate and poverty are the major macroeconomic problems [29] [30] [31] . Hence, Sphenostylis stenocarpa can help to improve the nutritional quality of these resource-poor countries. The Nigerian government in recent has stressed the importance of agricultural sector to promote inclusive growth. Investment in the agricultural sector alone is not enough rather should embark by research and development in nutritional crops, private sector patents, among others.
The objectives of this work are therefore listed as (a) determine the extent of variability among the landraces (b) identify divergent groups among the landraces (c) identify and reliably select landraces that show consistent performance with regards to yield and nutritional trait components across the test year environments. It is expected that the results from this research will inform researchers and breeders on yield and nutritional traits of S. stenocarpa that can be exploited under different growing environments to enhance quality yield output. Development of high yielding with enhanced nutritional quality using environment sensitive landraces of S. stenocarpa is a study area yet untapped. This work has tapped into this area. Better still, this work can be further tested under wider ecological regions and years, for stability where S. stenocarpa is not accepted due to unfavourable environmental restrictions. This is possible by exploring the prevalent weather conditions using different landraces for sustainability.
MATERIALS AND METHODS

Experimental Site, Landraces and Setup
In this study, four field experiments were conducted between the year 2014 to 2017 at Teaching and Research Farm of Landmark University, Omu-Aran, Nigeria lying on latitude 8'12390N; latitude 5'08340E. The study site is repre-sentative of the Guinea Savannah ecological zone of Northcentral Nigeria suspended on 159 meters' altitude. Other weather details and soil type of this site are presented in Tables A1 and A2 in the appendix which is supported by soil classification methods of [7] . There are two main cropping seasons, early cropping within the period of April to July and late cropping within the period of August to November in the cropping location [32] . Sphenostylis stenocarpa is mostly planted during the early cropping season. During the early season, the temperature is generally cool and hot from October to April. The weather parameters during the experimental years were taken and provided a guide in the interpretation of the results. This study considered twenty-three (23) Landraces of S. stenocarpa ( Table A10 in the appendix) obtained from diverse eco-geographical origins of Nigeria were maintained in the seed bank of the Research Farm in the University. The initial source was from the gene bank of the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. These landraces were selected for this study based on their diversity for various agronomic traits.
The experimental sites were disc ploughed and then harrowed and raked to obtain a good seedbed for planting. Using randomized complete block design (RCBD) with three replications, two seeds of each genotype were sown in a single 5 meters' row plot to minimize the error from the source of variations when large plots are involved. Spacing was at 1m between and within rows giving a population density of 10 plants per row plot and 690 plants in all. The trials were conducted at each year, the period of April 30th, May 1st, May 31st and June 20th during the cropping seasons of 2014, 2015, 2016 and 2017, respectively. These dates were times when rainfall became stable. More so, in this study, the block was used to categorize the crops due to the vigorous growth of the crop as follows, plates 1 and 2 with 2 meters' alley to reduce inter-block plant competition. The four trials were conducted without supplemental irrigation. Hand weeding was carried out when needed to maintain a clean field. During harvesting, five plants from each row were separately harvested, seeds of all the sampled plants in each plot were bulked and weighed and the seed yield per plant (g) was then determined by dividing by five.
Method of Analysis
For the traits studied, a combined analysis of variance (ANOVA) for randomized complete block design across the years (environments) was first performed to test for the significance (P < 0.05; 0.01) of landraces, year and landrace by year interactions. From the combined ANOVA, test for homogeneity of residual variances was performed using Bartlett's test [33] . Secondly, trait means, variations and correlation coefficients (Kendall's method) were calculated to identify significant levels at which the traits contributed to yield. To further determine and link landraces performance to origin and planting environment, grouping techniques of principal component and cluster method (Ward's) were utilized. These analyses were carried out using the GLM procedure of Statistical Tool for Agricultural Research package (STAR) software 2013 for descriptive statistics and analysis of variance for agricultural data. Also, Genotype x Environment and crop stability analyses were performed using Plant Breeding statistical software of 2013. Finally, PRINCOMP SAS 9.3 version (2011) was used to determine and display two dimension plots (PC1 and PC2) and cluster groups among the landraces. The vegetative and yield components including nutritional trait performances over the years were ascertained numerically and carefully displayed using tables and figures.
Data Collection and Trait Measurement
Data on studied traits were collected between morning hours and evening hours for the vegetative and grain yield traits as follows:
Protein content was determined using the micro-Kjeldahl method outlined by [34] . The dry seed weight of each replicated S. stenocarpa was taken and 0.5 grams of each landrace sample weighed to determine the nitrogen content. Afterwards, the crude protein was obtained by nitrogen and the conversion factor to protein is 6.25. Fat content was determined using a Soxhlet extractor (EME 60500/CEB) method outlined by [34] . About 25 grams of each replicated dried seed of S. stenocarpa was taken and added into the thimble and weighed. Percentage extracted fat was determined by taking the weight of lipid in the flask after the initial extraction.
PRESENTATION OF RESULTS
Analyses of Variance for Variability Studies and the Mean Descriptive Statistics
It is quite revealing that the years and landraces showed significant variations (P ≤ 0.01) for the vegetative, yield and quality traits except for time to germination as revealed Table 2 and Table A3 in the appendix. Flowering and maturity times ( Table 2) , pod and seed yield, quality protein and oil content (Table A3 ) traits also recorded significant variations (P ≤ 0.05) for the landrace × year interactions. This showed that weather conditions such as temperature and humidity affected vegetative traits, protein and oil contents during the planting years. From Kendall's correlation values, these traits recorded relatively low correlation coefficients for flowering. The number of primary and secondary branches and maturity time (-0.11, -0.13, -0.15 and -0.15, respectively) as well as pods per peduncle (0.17), seed yield (0.21) and protein content (0.16). Better still, considerable variations were recorded for some vegetative (flowering, maturity times and branching traits) as well as yield and quality traits including pod filling time (59 per cent), seed per pod (70 per cent), tuber yield (87 per cent) and oil content (48 per cent) recording high minimum and maximum variations comparatively as depicted in Tables A4 and A5 in the appendix.
On a general note and comparatively too, mean values for some traits were relatively similar to the overall means e.g. flowering (86.78), germination (13.00) and maturity dates (157.09) from the ANOVA and descriptive statistics (Tables A3 and A5). This is the case of TSS 10, TSs12, and TSs79. Whereas, non-similar mean values were recorded for these landraces for pod, yield and nutritional quality traits. This is an indication of environment effect on the landraces for these traits. Twenty principal components (PCs) were generated in Figs. (1 and 2) in the appendix section but only the first eight components cumulatively explained 72 percent of the total variations with Eigenvalues greater than one as shown in Table A6 and A7 in the appendix. The first component accounted for 23 percent of the total variations as described in pod traits (pod filling time, total pods) and seed yield. The second and third PCs accounted for 10.90 percent and 9.30 percent variations respectively. These were loaded in vegetative (flowering and height) and seed yield traits with negative influence on the number and length of the pod. In addition, tuber forming landraces contributed to the component loading than nodule forming types across eight principal components used. Strikingly, amino acid protein and oil contents contributed majorly to the variation loading in the third and fourth PCs indicating that these nutrition traits have some amount of genetic factors that can be exploited to improve nutritional quality in S. Stenocarpa.
Hierarchical clustering approach outlined by [35] clearly showed that the pattern of variations among the 23 landraces by displaying the seven significant principal components associated with the six standardized vegetative and the eleven yields and quality traits of the landraces evaluated as clusters as indicated in tables A8 and A9 in the appendix. By characterization, the seven clusters identified and grouped the 23 landraces into 1, 3, 2, 2, 6, 4 and 5 distinct clusters.
The only landrace in the cluster I (TSs118) was combined early maturity with high yield (157.97 days and 533.08 kg, respectively) in addition to relatively high protein and oil content. Three landraces (TSs51, TSs69 and TSs82) in cluster II and two (TSs45 and TSs48) in cluster III combined branching, pod trait and seed yield. Landraces in cluster IV include TSs7 and TSs57 from Zambia and Nigeria. The combined seed yields nutritional traits of protein and oil content. Interestingly, the six landraces in cluster V (TSs111, TSs66, TSs61, TSs79, TSs93 and TSs116) are from Mali, Nigeria, Malawi and Tanzania even as pod filling time, seed yield and height of each plant were captured by this group of landraces. Cluster VI had four landraces (TSs12, TSs119, TSs95 and TSs10) that contained tuber and nodule yield. These landraces are from wide origins of Cameroun, Mali and Tanzania respectively. Landraces TSs109, TSs49, TSs96, TSs58 and TSs148 are traceable to cluster VII, which supported pod traits and the ability of S. stenocarpa to grow tall.
DISCUSSIONS OF FINDINGS
Some landraces had significant environment influence under year and landrace × year effect for maturity time, peduncle and pod number, seed and tuber yield. This indicates that the year significantly influenced the studied traits and the subjection of this data to the landrace improvement may be less successful unless the landraces are grown in wider locations and not repeated year trials in a single location. This is a strong indication that performances of the landraces were to a great extent influenced by the environment. This result provides further insight into defining the extent of the contributory roles of the traits to S. stenocarpa yield. The food nutritional qualities of protein and oil content were not significant under year and interaction with landrace is a strong indication of a strong genetic base of the traits and that there is appreciable hope in breeding for high protein and oil nutritional component. [22, 24] reported a statistically significant relationship between genotype and environment interactions on nutritional improvement in breeding for quality traits for Bambara groundnut and wheat respectively. This is an untapped area in S. stenocarpa improvement breeding.
However, the obtained low Kendall's correlation for most of the studied traits may be attributed to their wide origin; landraces from different regions would have undergone adaptation to their respective locations. This can also be used to explain the low mean value of some traits of some landraces compared to the overall mean. This clearly shows that the disparities in the origin of these landraces have influenced their vegetative and yield performance. Discovery of wide genetic variation among landraces/genotypes forms the basis for directional varietal improvement. Origin and source culminate into some level of variation in mean performance due to geographical boundaries. In this study, most of the landraces exhibited an appreciable amount of variation for vegetative and yield traits. Reliably, most of the vegetative and yield quality traits recorded minimal error variation sources. This validates that population size is a true measure of variability among the twenty-three landraces studied. [23, 24] reported that there is evidence of the 'origin' contributing to the mean differences in Bambara groundnut. Wide mean variations occurred among the landraces from different origins. TSs118 had a mean flowering date of 104 whereas TSs 57 recorded 97 as average mean performance for the same trait.
Cluster analysis presents patterns of relationships between genotypes and hierarchical grouping such that similar descriptions are mathematically gathered into the same cluster [36] . The study by [37] also emphasized the roles of physiological traits in grouping plant accessions. The relatively high variations observed for the vegetative traits and seed production is indicative of the existence of genotypic differences among the evaluated landraces. Landraces with lower values for plant height, the number of primary and secondary branches produced higher seed yield. This is in support of the findings of [38] who had reported similar relationships between the morphological traits and seed yield of African Yam Bean.
The first eight principal components explained 72 percent of the total variation. Most of the observed variations were attributable to vegetative traits, podding and seed yield. These findings are closely related to those reported by [38] , where they reported 70 percent of the total variation in some African Yam Bean accessions to be explained by the first six principal components. The highest genetic distance was observed between G5 and G8 and these can be exploited for heterosis in crosses. Scholars like [39, 40] have all signified the possibility of exploiting variability in breeding programs in African Yam Bean and Mung bean, respectively. These variations foreclose a holistic similarity matrix between the landraces and justify the importance of grouping techniques in exposing the relatedness of the 23 S. stenocarpa landraces.
At this point, subjecting the landraces to Principal component (PC) analysis and hierarchical clustering becomes crucial in providing a vivid account of the variation pattern. Interestingly, as podding and seed number per pod increased, some vegetative (growth phase during germination and plant height) were also decreasing as clearly marked in the negative coefficients. The explanation is that as vegetative parts were accumulating the photosynthesis in the seeds, podding time was decreasing. This also explains that from the 23 landraces studied, tuber producing landraces are certainly more in number than nodule producing types. In all, principal component analysis has revealed these traits to have genetic linkage which is referred to pleiotropic gene actions. By this, a possible hybridization using combinations from each cluster could lead to improvement. Essentially, amino acid and oil content are the major components of the proximate contents of S. stenocarpa; the useful amount of variations arising from mean and ranges, the coefficient of variation and error limit values were recorded. The study by [41] had similarly reported high protein, crude fibre, potassium, sodium, iron and copper content. The amino acid and oil contents of the evaluated landraces varied across the landraces as revealed by the cluster analyses where these two nutritional traits majorly occupied the third and fourth PCs. These variations may have existed as a result of the diverse nutritional status of the soils of the origins of these landraces, thereby resulting in the synthesis of different types of proximate contents. From the foregoing, the benefit of S. stenocarpa has been undervalued. Nigeria can improve the nutritional quality among the citizen by appropriate investment in research and development will on the other hands grant more patents. [42] stressed that agricultural productivity growth in emerging economies has improved importation in recent times. The investment in research and development in S. stenocarpa may have an indirect benefit on the employment situation in the country.
CONCLUSION
This work is germane because it identified the nutritional and yield trait components in S. stenocarpa that can be exploited to improve seed yield and nutritional qualities of this underused crop for acceptance even at wider locations. More importantly, the nutritional quality when enhanced through breeding will serve as rich energy -protein source with low cost. The derived classifications revealed the existence of relationships between the landraces and the geographic background of the evaluated landraces. The identified landrace groups will serve as a guide in developing superior hybrids of S. stenocarpa with enhanced nutritional qualities. Also, to maximize the benefit on the aggregate economy, there is a need to encourage research and development with the aim to grant more patents, improve marketing, preservation and packaging which believes that in the long run will create employment and improve the general well begin of the citizens
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